Summary. An immunohistochemical study using a streptavidin-biotin method demonstrated the extensive distribution of neuropeptide Y (NPY)-like immunoreactivity in the brain of the white sturgeon, Acipenser transmontanus, with the highest density in the basal telencephalon and diencephalon. Two labeled cell groups were found in the telencephalon, in mediobasal and dorsocaudal locations. Labeled fibers were considerably dense in the ventral area. The epithalamus displayed dense networks of varicose fibers in the ganglion habenulae, but only a few fibers were seen in the organon subcommissurale. In the thalamus, two groups of labeled cells were discerned in the periventricular gray matter: an anteroventral group largely composed of cerebrospinal fluid (CSF)-contacting neurons, and a dorsocaudal group consisting of non-CSF-contacting large neurons. The hypothalamus also contained a number of CSF-contacting neurons in the periventricular areas including the nucleus lobi inferioris, the nucleus lateralis tuberis and the nucleus recessus posterioris. Labeled varicose fibers were closely associated with the hypothalamo-hypophyseal complex, the organon vasculosum hypothalami, and the saccus vasculosus. Immunoreactive cells and fibers were also detected in the dorsal region of the adenohypophysis. These results suggest that NPY or a related molecule is involved in the hypothalamic neuroendocrine mechanisms of this primitive bony fish.
Summary. An immunohistochemical study using a streptavidin-biotin method demonstrated the extensive distribution of neuropeptide Y (NPY)-like immunoreactivity in the brain of the white sturgeon, Acipenser transmontanus, with the highest density in the basal telencephalon and diencephalon. Two labeled cell groups were found in the telencephalon, in mediobasal and dorsocaudal locations. Labeled fibers were considerably dense in the ventral area. The epithalamus displayed dense networks of varicose fibers in the ganglion habenulae, but only a few fibers were seen in the organon subcommissurale. In the thalamus, two groups of labeled cells were discerned in the periventricular gray matter: an anteroventral group largely composed of cerebrospinal fluid (CSF)-contacting neurons, and a dorsocaudal group consisting of non-CSF-contacting large neurons. The hypothalamus also contained a number of CSF-contacting neurons in the periventricular areas including the nucleus lobi inferioris, the nucleus lateralis tuberis and the nucleus recessus posterioris. Labeled varicose fibers were closely associated with the hypothalamo-hypophyseal complex, the organon vasculosum hypothalami, and the saccus vasculosus. Immunoreactive cells and fibers were also detected in the dorsal region of the adenohypophysis. These results suggest that NPY or a related molecule is involved in the hypothalamic neuroendocrine mechanisms of this primitive bony fish.
Neuropeptide Y (NPY), originally isolated and characterized from the porcine brain (TATEMOTO, 1982; TATEMOTO et al., 1982) , is widely distributed in the central nervous system of various vertebrates such as mammals ALLEN et al., 1983; WHALE and ALBUS, 1984; SMITH et al., 1985) , birds (LORENZ and SKOFTISCH, 1990; ASTE et al., 1991) , reptiles (REINER and OLIVIER, 1987) , amphibians (DANGER et al., 1985; PERROTEAU et al., 1988) , teleosts (NOE et al., 1989; PONTET et al., 1989; DANGER et al., 1991) , elasmobranchs (VALLARINO et al., 1988; CHIBA and HONMA, 1992) , and cyclostomes (RAWITCH et al., 1992; CHIBA et al., 1993) . This knowledge, together with the highly conserved structure of NPY in different vertebrates and strong evolutionary conservation of the NPY gene (BLOMQVIST et al., 1992) , suggests that NPY is an important substance for the regulation of brain functions.
In lower vertebrates, particularly in teleosts, NPY has been shown experimentally to be involved in regulation of the adenohypophyseal function, i.e., stimulation of gonadotropin and growth hormone release (BRETON et al., 1989 (BRETON et al., , 1991 KAH et al., 1989; PENG et al., 1990) . On the other hand, mapping studies of NPY-immunoreactive structures in the piscine brain have been performed in only a few species including the goldfish (PONTET et al., 1989) , platyfish (CEPRIANO and SCHREIBMAN, 1993) , scyliorhinid dogfishes (VALLARINO et al., 1988; CHIBA and HONMA, 1992) and brown hagfish (CHIBA et al., 1993) . Thus, there is a need for more information on the localization of NPY-immunoreactivity in the brains of lower vertebrates from the viewpoint of comparative anatomy, because such information could contribute to an understanding of the evolutional significance of this peptide in brain functions among vertebrates. To date, little is known on the localization of NPY-like peptide in the brain of primitive bony fishes except in the case of the telencephalon of the bichir (REINER and NORTHCUTT, 1992) . Therefore, using a specific 77 anti-NPY antiserum, we conducted an immunohistochemical study on the distribution of NPY immunoreactivity in the white sturgeon (Chondrostei).
MATERIALS AND METHODS
Six fish of both sexes of white sturgeon, Acipenser transmontanus (ranging from 79 to 98cm in total length), was used. They were reared in Johetsu Municipal Aquarium and donated to us for histological studies. After having been anesthetized with 0.5% MS-222, the fish were perfused through the heart initially with physiological saline for teleosts and subsequently with acid-free Bouin's fluid.
For the immunoperoxidase study, the brains with hypophyses were dissected out and immersed in the same fixative overnight. Tissue blocks were dehydrated and embedded in paraffin. Serial sections (15 um) were cut either transversely or sagittally. Deparaffinized and hydrated sections were soaked in 2% H202 for 20min for the prevention of endogenous peroxidase activity, rinsed for 10min in 0.01M phosphate-buffered saline (PBS; pH7.2), and subsequently incubated in 10% normal goat serum (Nichirei, Tokyo) for 20min to remove background staining. The sections were then rinsed with PBS and incubated with a drop of specific antiserum (rabbit antisynthetic porcine NPY antiserum, UCB Bioproducts, Belgium) at a dilution of 1:2, 00 for 24h at 4C. Following a rinsing in PBS, the sections were treated according to the streptavidin-biotin (SAB) method (Histofine-SAB-PO kit, Nichirei, Tokyo). Peroxidase activity was visualized by a diaminobenzidine method as described elsewhere (CHIBA and HONMA, 1992) . The sections were washed thoroughly in tap water, dehydrated, and mounted in Canada balsam. Some of the immunostained sections were counterstained with Mayer's hematoxylin.
Controls were performed by replacement of the specific antiserum with 1) normal rabbit serum, 2) antiserum preabsorbed with the homologous antigen, synthetic NPY (1uM, Penninsula Laboratories, USA), for 48h at 4C, or 3) antiserum preabsorbed with related peptide, avian pancreatic polypeptide (10aM, Penninsula Lab.), or molluscan cardioexitatory peptide, FMRFamide (10eM, Penninsula Lab.). Immunoreactivity was absent in all sections following control procedures 1 and 2, but was not abolished by procedure 3.
Several paraffin sections were stained by routine staining procedures to provide information about the general histology of the various brain regions. The nomenclature used for designating cell masses or other structures in the present study was partly adopted from JOHNSTON (1902) and NIEUWENHUYS (1982) .
RESULTS
NPY-like immunoreactivity was demonstrated to occur widely in the sturgeon brain, although the density was remarkably low in the cerebellum (Fig.  1) . In general, immunostained structures showed the highest density in the basal telencephalon and the diencephalon, but only a few fibers were seen in the bulbus olf actorius (Figs. 1, 2 ). Labeled structures were relatively dense in the mesencephalon, while they were almost lacking in the cerebellum except in the local innervation of the valvula cerebelli. In the present study, no detailed observation was performed on the medulla oblongata or the spinal cord, because our interest was focused mainly on the forebrain.
In the telencephalon, immunoreactive cell bodies were recognized in two locations: the mediobasal portion in the vicinity of the commissura anterior, and the dorsocaudal portion cephalic to the ganglion habenulae (Figs. 1, 2). The mediobasal group appeared in a large cell mass and consisted of bipolar or multipolar neurons with a voluminous perikaryon (8-17 x 14-34um) showing moderate or intense immunostaining (Fig. 3) . They sent thin and thick fibers in various directions, mainly to the ventral and ventrolateral portions of the telencephalon.
The dorsocaudal group was composed of small cells with thin perikarya of moderate immunoreactivity.
They were polygonal or fusiform in shape (8-12 x 10-14im) and scattered in this portion. The fibers sent from these neurons were difficult to trace. Concerning the mapping of the labeled fibers in the telencephalon, there was a clear tendency for the fibers to be dense in the ventral area, while they were less dense or even sparse in the dorsal and dorso-lateral areas (Figs. 1,  2) . The labeled fibers in the ventral telencephalon were so dense that the destination or connection of the fibers could not be elucidated. However, the majority of the fibers were oriented craniocaudally and appeared to include the tractus olfactorius and the tractus strio-thalamicus.
Labeled fibers tended to be dense in the basal area (Fig. 4) . In the preoptic area, labeled cells of the cerebrospinal fluid (CSF)-contacting type were infrequently encountered. Only a few fibers were seen in the chiasma opticus and the tractus opticus.
In the diencephalon, labeled cells occurred widely in the periventricular gray matter of the thalamus and the hypothalamus, but could not be seen in the epithalamus, which is represented by the epiphysis and the ganglion habenulae in this fish. Notably, a few labeled cells were demonstrated in the dorsal portion of the adenohypophysis. In the thalamus, two groups of labeled cells were discerned: an anteroventral group and a dorsocaudal one. The former group (Fig. 5) was composed of large-and mediumsized neurons of the CSF-contacting type (12-20 x 17-34um), and extended from the level of the postchiasmatic region to the level of the anterior end of the organon vasculosum hypothalami (OVH, =the paraventricular organ). Their subependymal processes appeared to project laterally or dorsolaterally in the thalamus. On the other hand, the dorsocaudal group was similarly composed of large neurons (12-20 x 17-34um) and distributed in the area extending from the dorsocaudal portion of the OVH to the posterior tubercle. These neurons were of the non CSF-contacting type. Their perikarya and fibers were moderately or sometimes intensely immunostained. The fibers were thick and projected laterally or ventrolaterally, but their destination was not determined.
In the hypothalamus, labeled cells were distributed extensively in the periventricular areas including the nucleus lobi inferioris, the nucleus lateralls tuberis and the nucleus recessus posterioris. These cells were relatively small in size (7-10 x 10-18cm) and showed a spindle or bottle shape (Fig. 6) . Most of them were regarded as CSF-contacting neurons. Labeled fibers were generally dense in the diencephalon, but showed various distributional patterns and densities in different areas, as shown in the diagrammatic illustrations (Figs. 1, 2) . In the epithalamus, labeled fibers were locally dense in the commissura posterior and the ganglion habenulae (Gh), but no fibers were visible in the epiphysis. Notably, in the Gh, networks of the labeled fibers were seen to invest the ganglion cells, suggesting rich innervation (Fig. 7) . A few labeled fibers and their presumptive endings were also seen in the organon subcommissurale (Fig. 8) . In the thalamus, labeled fibers were considerably dense in the medial or inner zone, with the exception of the fasciculus retroflexus, which appeared as a negative spot in cross sections. Labeled fibers were again dense in the lateral portion. The hypothalamus displayed a number of labeled fibers, which were generally dense in the periventricular areas. In the dorsal hypothalamus, labeled varicose fibers were gathered around perikarya and intraventricular processes of immunonegative CSF-contacting neurons of the OVH (Fig. 9) . In the suprachiasmatic area, the varicose fibers were seen in the nucleus preopticus, occasionally investing the neurosecretory perikarya. In the ventral hypothalamus, labeled fibers were considerably dense and appeared to overlap with the classical preoptico-neurohypophyseal pathway. In fact, they were demonstrated in the anterior and posterior portions of the neurohypophysis, i.e., equivalent to the median eminence and the pars nervosa, respectively, of tetrapods (Figs. 10, 11 ). In addition, labeled fibers were frequently seen in the saccus vasculosus (Fig. 12) . Here they ran beneath or on the coronet cell layer, occasionally forming a supraependymal nerve plexus. In the caudal hypothalamus, labeled fibers were relatively dense in the nucleus recessus posterioris, mainly in the hypendymal neuropils. Noticeably, labeled varicose fibers were frequently seen running on the ependyma. In some sections, they penetrated into the ependymal layer or traversed the intraventricular processes of the labeled neurons. Finally, a brief description should be given to the labeled cells in the adenohypophysis. They were small fusiform cells and extended slender processes among the epithelia] cells or toward the basement membrane and occasionally to the capillaries (Fig. 10) .
DISCUSSION
The present study demonstrated that NPY or a related substance occurs extensively in the brain of the primitive bony fish Acipenser transmontanus. Although further studies are required on the structure Legends on the opposite page. and biochemical property of NPY-like antigen in the Acipenser brain, our results support other data that the structure of NPY and its gene have been highly conserved during the long evolutionary history of vertebrates (LARHAMMER et al., 1990; BLOMQVIST et al., 1992) . A recent study showed that the central nervous system of the lamprey contains an NPYrelated peptide highly homologous with porcine NPY (RAWITCH et al., 1992) . Furthermore, the data is convincing that NPY is likely to be ancestral to the pancreatic polypeptide (PP), as stated by BLOMQVIST et al. (1992) . In this connection, it is interesting to know that a NPY-related peptide showing stronger homology to NPY than to peptide YY or PP has been isolated from the pancreas of the eel, bowfin, skate, and dogfish (CONLON et al., 1991a, b) .
In the sturgeon brain, NPY-immunoreactive structures were markedly dense in the diencephalon and the basal telencephalon, but their density was lowest in the cerebellum. The gross distributional pattern of NPY-like immunoreactivity in the sturgeon more closely resembles that in the dogfish (VALLARINO et al., 1988; CHIBA and HONMA, 1992) and trout (DANGER et al., 1991) in comparison with that in the goldfish (PONTET et al., 1989) . However, in contrast to all these jawed animals, the hagfish showed a less dense and simpler distributional pattern of labeling in the brain; e.g., the fibers seen in the forebrain appeared to radiate largely from the nucleus hypothalamicus (CHIBA et al., 1993) . Thus, it appears that distribution and density of NPY-immunoreactive structures in piscine brains vary, possibly reflecting an evolutionary trend toward a higher complexity of brain structure or organization.
In the telencephalon, labeled cells and fibers were denser in the ventral area than in the dorsal one. According to NIEUWENHUYS (1982) , the telencephalon of actinopterygians can be subdivided into a ventromedial area ventralis and a dorsolateral area dorsalis. These two principal regions may represent the pallium and the subpallium, respectively, of other vertebrates, although this interpretation has not been completely settled. As shown in our data, there was a clear correlation between the telencephalic subdivisions and the distributional pattern of NPY-immunoreactivity in the sturgeon brain, and two NPY-immunoreactive cell groups were differentiated in the telencephalon, i.e., the ventromedial and dorsocaudal groups. The labeled structures corresponding to these cell groups have not been observed in the bichir (REINER and NORTHCUTT, 1992) or in the goldfish (PONTET et al., 1989) , but have been found in the dogfish (CHIBA and HONMA, 1992) : the cell groups in the nucleus interstitialis commissurae anterioris and in the palhum dorsale. This similarity suggests the primitive state of the sturgeon telencephalon, although further neuroanatomical analyses are required. In the sturgeon epithalamus, dense networks of the labeled fibers were seen in the ganglion habenulae (Gh), strongly suggesting the innervation of the cells of the Gh. However, in the present study, the origin of the fibers was not elucidated because of their higher density and complexity throughout the forebrain.
NPY-immunoreactive structures were considerably dense in the thalamus and the hypothalamus, where labeled cell bodies were widely distributed in the periventricular areas. The majority of them were identified as CSF-contacting neurons. Such neurons have been reported in the diencephalon of the arctic lamprey (CHIBA and HONMA, 1991) and the scyliorhinid dogfishes (VALLARINO et al., 1988; CHIBA and HONMA, 1992) , but not in the hagfish (CHIBA et al., 1993) , the goldfish (PONTET et al., 1989) , the trout (DANGER et al., 1991) , or the bichir (REINER and NORTHCUTT, 1992) , although their presence was noticed in some tetrapods (PERROTEAU et al., 1988; MEDINA et al., 1992) . The function of such neurons is not fully known, but they are considered to be protoneurons with sensory and/or secretory functions (VIGH-TEICHMANN and VIGH, 1983) . They may be involved in regulatory processes of the hypothalamus, acting to monitor changes in the chemical composition of the CSF or to secrete NPY or a related molecule into the CSF. MCDONALD et al. (1988) reported a high level of NPY in rabbit CSF (1ng/ml). In the sturgeon, not only the CSF-contacting neurons but also the supraependymal nerve fibers could release the NPY-like molecule into the CSF. Thus, chemical analysis of the sturgeon CSF should be forthcoming.
The hypothalamo-hypophyseal system of sturgeons has been extensively studied (POLENOV and GARLOv, 1971; POLENOV et al., 1976; HANSEN, 1971 HANSEN, , 1983 . Concerning this system, the present study has offered further immunohistochemical data on NPY as a transmitter and/or modulator. As shown in the present results, the labeled fibers occurred in close association with the preoptico-neurohypophyseal pathways, being sent to the median eminence and the neurohypophyseal ramifications.
However, the perikarya of the nucleus preopticus displayed no immunoreactivity, but were occasionally in contact with or surrounded by the labeled varicose fibers. Thus, we consider that the preoptic neurosecretory cells do not contain NPY or a related substance, in agreement with previous observations on the goldfish (PoNTET et al., 1989) , the dogfish (CHIBA and HONMA, 1992) , and the hagfish (CHIBA et al., 1993) . However, in the trout hypothalamus, the nucleus preopticus includes a few labeled perikarya (DANGER et al., 1991) . In the sturgeon, NPY may serve a neuroendocrine regulatory role, possibly by modulating the secretion of hypothalamic releasing and inhibiting factors and/or hypophyseal hormones of both glandular and neuronal origins. In teleosts, there is a growing body of data to support this view (BRETON et al., 1989 (BRETON et al., , 1991 KAH et al., 1989; PENG et al., 1990 PENG et al., , 1993 DANGER et al., 1991) . The distribution of the labeled fibers in the sturgeon inf undibular floor, designated as the proximal neurosecretory contact region (POLENOV and GARLOV, 1971) , suggests another possible function for NPY, i.e., as a neurosecretory hormone. Some data supporting this view have been obtained in mammals (MCDONALD et al., 1987) .
The labeled cells and fibers in the sturgeon adenohypophysis may also be involved in control of the adenohypophyseal function, possibly by a paracrine mechanism. Though no such cell type has ever been described in the sturgeon adenohypophysis (HANSEN, 1983) , the same cell type reactive to anti-NPY antiserum has been demonstrated in a polypteriid fish (unpublished data). On the other hand, labeled cells were reported to occur in the pars neurointermedia, possibly reflecting internalization of NPY by pars intermedia cells (VALLARINO et al., 1988) . Cytological details and the functional significance of the cell type in question should be studied in the near future.
Accordingly, the present findings strongly implicate NPY or related molecule in a variety of physiological processes in the chondrostean brain, including the neuroendocrinal control of the hypophysis. Delhi University Press, Dehli, 1991 (p. 137-138) .
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